-plasma heating and diagnostic, -impurity concentration effect on ignition parameters and impurity extraction L61 and so on.
In inertially confined plasmas, the knowledge of highlystripped ion atomic processes is even more important since : -equations of state, opacities and heat capacity of the pellet material depend directly on the effective charge of the ions, Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1983813 -on the other hand slowing down processes (ranges, energy deposition profiles, coulomb scattering) are very sensitive to the ionization states of heavy ion particles and these processes are of prime importance not only in the heavy ion fusion concept but also in some other fields like slowing down of fission products in nuclear induced plasmas and nuclear pumped lasers or slowing down of runaway ions produced for example in laser created plasmas.
In this paper we want to specify the main goals of our experiment, then to analyse the needed beam and plasma performances and finaly to describe some experimental aspects and the diagnostic methods we intend to use to characterize the plasma.
I1 -MAIN AIMS OF THE EXPERIMENT
The beam probe technic is a powerful method which was applied in different field and Figure 1 gives the principle of our experiment. A CO2 TEA laser focused on a target will create a plasma characterized by different conditions depending on the target material and laser parameters. The three density regions (0,1,2) 171 are characterized by different values of the ion coupling PP 2 parameter r = 2 ; Ro being the ion sphere radius and Z the plasma ioniRo KT P zation state. A bunched beam probe delivered by a 7 MV tandem accelerator will travel through the plasma ; in a first phase we want to explore the corona region where the characteristic length(E)-' is of the order of a few m and where induced electric and magnetic fields are negligible. By measuring the beam charge distribution, the energy loss and the beam divergence (which will be enlarged by Coulomb scattering) one should be able to obtain experimental data in the following three areas : -stripping and charge transfer processes in an ionized target, -energy losses and charge evolution during the particle slowing down -and ionization model'of the plasma itself since the beam output parameters will contain informations on the plasma ionization states.
II-I-stripping ana+@rge
transfer Proeepe?
Many experimental data exist on the charge state equilibrium distribution in the case of a heavy ion beam travelling through a solid or a gaseous target. A semi-emperical formula gives the charge state of the projectile as a function of his atomic charge and of his particle velocity 8 :
Lb 0,69
For an ionized target MEHLHORM [8] takes the relative velocity between plasma electrons and projectile ions to calculate the 8 value; in fact, it is more difficult for the projectile to capture a free electron than a bound electron and the equilibrium charge state of the projectile in a partly or a fully ionized target may differ significantly from the formula (I).
give for example the projectile effective charge calculated with different hypothesis. In our experiment, one should be able to put some experimental data on these calculated curves.
2 As the energy loss has a Zb dependance, the ranges and the beam energy deposition profiles will have a completely different behaviour depending on the Z variation during the slowing down process and it is well known that a precise b knowledge of these parameters is very important to optimize a complete scenarioof pellet implosions in the heavy ion fusion concept [IO] .
II-2-H_eavy-io_n_-s:o_wing-Co_wnWnin-an_-io_n_izeG-t_a-~get_
To delineate the ranges of experimental interest we have studied the slowing down of heavy ions in an ionized target by adapting a Monte Carlo code 1 1 11 used extensively in fast neutral heated tokamak plasmas [ 121 where cc i s the l o s s on ions, B on f r e e e l e c t r o n s and y on bound e l e c t r o n s . slowing down processes and pitch angle scattering were found to be classical.
FIG.2 -Charge s t a t e evolution of an
In the IF case there is no direct measurement and many other mechanisms have to betaken into account 1161 to describe the physics of the slowing down in a hot and dense plasma.
In our experiment we will explore an intermediate region (HI-CO~ region) where there isno more direct measurement at our knowledge. Depending on target material, the plasma will be described by different ionization models (corona, LTE or mixed model). In laser plasmas, the study of a particles or runaway particles created in the implosion process itself and slowed down by fhe P R line density of external shells needs avery good knowledge of the source term and of the induced electric and magnetic field distributions to restore the physics of the slowing down process in a hot and dense plasma. In comparison with the cold material case, where many experimental data exist, other effects have tobetaken into account in ionized targets ;
The energy losses on free-electrons will contribute significantly to the total energy losses and Figure 5 1131 shows an example of the range shortening due to the free electron contribution. Figure6a [ l 3 1 shows that the exit energy of a 50 MeV Xe beam travelling through a laser created plasma is strongly dependant,in some parameter ranges,on the electron temperature. On the other hand this exit energy is also sensitive to the hypothesis made on the behaviour of the beam charge state equilibrium evolution during the slowing down (see figure6b [ 1 3 ] ) . Indeed, in an ionized plasma, the recombination time :
being the recombination rate)may be longer than the slowing down time. This slowing down time is calculated on the free electron part only, v in the case where 5 = < 1 ; E is the critical energy for which the energy Vthe transferred to the electrons egals the energy transferred to the ions. Taking into account the bound electron contribution, the actual slowing down time is even smaller. Therefore, if T~ > T~~ the empirical formula ( I ) giving the mean equilibrium charge state of the beam is no longer valuable and this will significantly changes the beam energy deposition profile which play an important role on the overall pellet calculations. 
JOURNAL DE PHYSIQUE

FIG.8 -Beam energy d e p o s i t i o n p r o f i l e s i n c o l d and hot t a r g e t s [131.
11-3-TCg plasma i o n i z a t i o n model
A l o t of works a r e concerned with t h e plasma i o n i z a t i o n models i n MF and IF ( s e e f o r example [ 7 1 ) ; i f t h e beam charge s t a t e e v o l u t i o n and t h e slowing
down processes were well understood, one should be a b l e t o b r i n g some experimental d a t a on the plasma charge s t a t e s i n c e t h e beam e x i t parameters (energy, s c a t t e r i n g a n g l e ) a r e Z dependent. By u s i n g d i f f e r e n t t a r g e t m a t e r i a l s , o n e can P explore d i f f e r e n t plasma c o n d i t i o n s a s i t i s shown on ~i g u r e 9 (from r e f e r e n c e [71) where we have i n d i c a t e d t h e a c c e s s i b l e r e g i o n i n our case. 
I11 -BEAM AND PLASMA CHARACYERISTICS
The main difficulty of this experiment comes from the fact that the plasma is pulsed and,to obtain good measurements,we need to extract the beam and plasma data in one pulse. As we want to measure the charge distribution and the energy loss simultaneously,the beam emittance has to be small; typically During the beam pulse duration,the plasma should be quasi-homogeneous and quasi-stationary ; on the other hand, the line density nl and the electron temperature have to be such that energy loss on freeelectrons should be measurable and at least of the same order as the energy loss on bound electrons (see formula 3 ) . The line density should not be too large to limit the Coulomb scattering at a maximum value of the order of the beam divergence (see formula 5).
Therefore the plasma temperature should be in the 100 -300 eV range and the line density in the I -51018 cm-2 range. Table I gives the energy loss on the free electron part only,for different projectiles, assuming a line density of 2 . 5 1 0 '~ cmh2 and a beam kinetic energy of 30 Me".
This shows clearly the interest of using heavy ions; by reducing the kinetic energy, for intermediate mass ions, the energy loss will be signifi-1 cantly increased since AE % -.
E
These plasma characteristics are obtainable by using a CO2 laser. 3 The plasma energy -nKT x u i s of the order of 10 J, then the laser energy 2 has to be in the 100 -200 J range to create the needed plasma. To minimize the runaway particle production,we will work at a low power level (a few IO'OWI 2 cm ) . To produce the plasma target we will reuse an old CO2 TEA laser 181 which will be adapted to our purpose. The pilot has to be optimized in an other way than it was done before in the M1 -M3 configurations [ 181 ; indeed, due to the large jitter of the laser pulse (of the order of 100 ns) we will start with a long pulse duration(>> 100 ns)of the oscillator pilot by modifying the gaz mixture conditions (He, CO2, N2).
After amplification, the pilot pulse is truncated by using two A S G~ cells fired by the particle beam itself through a pick up system delivering a timing signal at the right time. The 50 ns (FWHM) laser pulse is then amplified by 3 0 45 mm amplifiersand2 X 2 $ 70 mm amplifiers.
To maximize the output energy we will use a mirror in the pilot instead of a grating to use all the wavelengths and we will arrange the amplifiers in two arms (Figure 1 4 ) , in such a way one should obtain of the order of 100 J per beam. In the M1 configuration 11 81, without the 0 70 mm amplifiers, The electron temperature will also be measured through the X-ray flux emission by using the absorption method.
The time density evolution and isodensity curves will be analyzed by using a JAMIN interferometer at 1.06 and 0.53 pm as shown on Figure 19 .
v -CONCLUSIONS
As a conclusion we just want to specify the planning of the experiment.
We have started with the reassembling of the laser and the beam line is under construction. We hope to active the laser during the summer and to test the overall set up at the end of this year.
